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METHOD AND APPARATUS FOR SENDING
AND RECEIVING HARQ-ACK FEEDBACK
INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s a U.S. National Stage application

under 35 U.S.C. §371 of an International application filed on
Jun. 27, 2013 and assigned application number PCT/
KR2013/005701, which claimed the benefit of a Chinese
patent application filed on Jun. 27, 2012 in the Chinese
Patent Oflice and assigned Serial number 201210218451.3,
the entire disclosures of which are hereby incorporated by
reference.

TECHNICAL FIELD

The present disclosure relates to mobile communication
technologies. More particularly the present disclosure
relates to a method and an apparatus for sending and
receiving Hybrid Automatic Repeat Request acknowledge-

ment (HARQ-ACK) feedback information.

BACKGROUND

Long Term Evolution (LTE) systems support two work
modes: Frequency Division Duplexing (FDD) and Time
Division Duplexing (TDD).

FIG. 1 1s a schematic diagram 1llustrating a frame struc-
ture mn a TDD system according to the related art.

Referring to FIG. 1, the length of each radio frame 110 1s
10 ms and the radio frame 110 1s divided into two hali-
frames 120 with the length of 5 ms each. Each half-frame
120 includes eight time slots 130 and three special fields
140. The length of each time slot 130 1s 0.5 ms. The special
ficlds 140 include a Downlink Pilot Time Slot (DwPTS), a
Guard Period (GP), and an Uplink Pilot Time Slot (UpPTS).
The total length of the DwPTS, GP, and UpPTS 1s 1 ms.
Each subirame 135 consists of two continuous time slots,
that is, the K” subframe may consist of a time slot 2k and
a continuous time slot 2k+1.

The TDD system supports 7 TDD uplink-downlink con-
figurations, as shown in Table 1. Herein, D indicates a
downlink subirame, U indicates an uplink subirame, and S
indicates a special subirame including the above three
special fields.

TABLE 1

Config-

uration  switching subframe number

number pommtcycle O 1 2 3 4 5 6 7 8 9
0 5 ms D § U U U D S U U U
1 5 ms D S U U D D S U U D
2 5 ms D § U D D D S U D D
3 10 ms D § U U U D D D D D
4 10 ms D S U U D D D D D D
5 10 ms D S U D D D D D D D
6 10 ms D § U U U D S U U D

For the purpose of improving transmission rate of users,
an LTE-Advanced (LTE-A) system 1s provided. In the
LTE-A system, a larger work bandwidth i1s obtained by
aggregating multiple Component Carriers (CCs), 1.¢. uplink-
downlink links of a communication system are configured

via Carrier Aggregation (CA), so as to support higher
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2

transmission rates. For example, in order to support a
bandwidth of 100 MHz, five CCs of 20 MHz may be

aggregated. Herein, each CC 1s called a cell. A Base Station
(BS) can configure one User Equipment (UE) to work 1n
multiple CCs, one of which 1s a Primary Cell (PCC or Pcell),
and others are Secondary Cells (SCCs or Scells).

FIG. 2 1s a schematic diagram 1llustrating conventional
TDD uplink-downlink configuration of each CC 1n the same
CA according to the related art.

Referring to FIG. 2, 1t 1s defined in the LTE-A TDD
system that multiple aggregated CCs use the same uplink-

downlink configuration. The CA shown 1in FIG. 2 includes
two CCs which are PCC and SCC respectively. Each of the
CCs uses the same uplink-downlink configuration. In this
example, subframes 0, 1, 3~6, 8 and 9 are configured as
downlink subirames, subirames 2 and 7 are configured as
uplink subirames.

For data received from the downlink subirame, the UE

needs to perform positive acknowledgment or negative
acknowledgment by sending ACK or NACK to the base

station via the uplink subirame. Thus, several downlink
subirames are configured into a Hybrid Automatic Repeat
Request acknowledgement (HARQ-ACK) bundling win-
dow, and the HARQ-ACK feedback information of each
downlink subframe 1n the same HARQ-ACK bundling win-
dow 1s sent via the same uplink subiframe.

Referring to FIG. 2, subframes 4, 5, 6, and 8 of a radio
frame n shown by slash lines belong to a HARQ-ACK
bundling window, and the HARQ-ACK feedback informa-
tion of each subirame in the HARQ-ACK bundling window
will be sent via a subframe 2 of a radio frame n+1. The
content “N” 1n the box corresponding to each subirame
indicates: the HARQ-ACK {feedback information of this
subirame 1s sent via the N-th subframe from this subirame.
For example, the content 1n the box corresponding to the
subirame 4 1s 8, and the eighth subiframe from the subirame
4 1s the subframe 2 in the radio frame n+1, thus the

HARQ-ACK feedback ini

'ormation of the subiframe 4 1s sent
via the subirame 2 in the radio frame n+1:; for another
example, the content 1n the box corresponding to the sub-
frame 8 1s 4, and the fourth subframe from the subirame 8
1s also the subframe 2 i1n the radio frame n+1, thus the
HARQ-ACK {feedback information of the subirame 8 1n
radio frame n 1s sent via the subirame 2 1n radio frame n+1.

One mode of sending the HARQ-ACK feedback infor-
mation by the UE 1s a Physical Uplink Control Channel
(PUCCH) format 3, and the PUCCH format 3 supports 3
CCs at most. The base station sends an Uplink (UL) grant
via a Physical Downlink Control Channel (PDCCH), and
schedules Physical Uplink Shared Channel (PUSCH)
resources for the UE. The value of UL Downlink Assign-
ment Index (DAI) 1in the UL grant 1s used to determine the
number of bits used when the HARQ-ACK feedback infor-
mation 1s transmitted via the PUCCH format 3.

It 1s supposed that the UE 1s configured with 2 CCs, the
value of the UL DAI1s M, and FIG. 2 1s taken as an example.
In this case, if a work mode of the CC 1s Single Input
Multiple Output (SIMO), the number of bits needed by the
B ARQ-ACK feedback information 1s M; 11 a work mode of
the CC 1s Multiple Input Multiple Output (MIMO), if the
total number of bits of the HARQ-ACK feedback informa-
tion of all CCs to be transmitted by the UE 1s less than or
equal to N (e.g. 20), the number of bits needed by the
HARQ-ACK feedback information of this CC 1s M*2; 1T a
work mode of the CC 1s MIMO, 11 the total number of bits
of the HARQ-ACK feedback information of all CCs to be
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transmitted by the UE 1s larger than N (e.g. 20), the number
of bits needed by the HARQ-ACK feedback information of

this CC 1s M.

Actually, when frequency domain distance between mul-
tiple CCs performing the CA 1s long enough, the CCs may
use different TDD uplink-downlink (U-D) configurations

without bringing any interference between each other. In
addition, 1n some case, phase frequencies of different CCs
may be deployed with different U-D configurations (e.g. the
adjacent Irequencies are configured with different Time
Division-Synchronous Code Division Multiple Access (TD-
SCDMA) configurations). If the same uplink-downlink con-

figuration 1s used for these CCs, serious adjacent channel
interference can be caused. Therefore, in subsequent
research of LTE-A, an important subject 1s how to etlec-
tively support the case that the TDD uplink-downlink con-
figurations of the multiple CCs of the CA are different. For
example, when the TDD uplink-downlink configurations of
the multiple CCs of the CA are different, how to determine
the number of bits used for transmitting the HARQ-ACK
teedback information 1n the PUSCH 1s a technical problem

to be solved.

The above information 1s presented as background infor-
mation only to assist with an understanding of the present
disclosure. No determination has been made, and no asser-
tion 1s made, as to whether any of the above might be
applicable as prior art with regard to the present disclosure.

SUMMARY

Aspects of the present disclosure are to address at least the
above-mentioned problems and/or disadvantages and to
provide at least the advantages described below. Accord-
ingly, an aspect of the present disclosure 1s to provide a
method and an apparatus for sending and receiving Hybrid
Automatic Repeat Request acknowledgement (HARQ-
ACK) feedback information, so as to send the HARQ-ACK
teedback information correctly when Time Division
Duplexing (TDD) uplink-downlink (U-D) configurations of
multiple Component Carriers (CCs) 1n Carrier Aggregation
(CA) are different.

In accordance with an aspect of the present disclosure, a
method for sending HARQ-ACK feedback mformation, so
as to send the HARQ-ACK feedback information correctly
when TDD uplink-downlink configurations of multiple
Component Carriers in CA are different, 1s provided. The

method includes receiving, by a User Equipment (UE), a

Physical Downlink Control Channel (PDCCH) and a Physi-
cal Downlink Shared Channel (PDSCH) sent by a base
station, determiming, by the UE, a number of downlink
subirames corresponding to HARQ-ACK feedback infor-
mation sent in a Physical Uplink Shared Channel (PUSCH)
of each CC in a current uplink subframe, according to at
least one of the received PDCCH, an Uplink (UL) Downlink
Assignment Index (UL DAI) obtained from a UL Grant of
the PDCCH, a sum of a number of PDSCH subirames
received from a HARQ-ACK bundling window and a num-
ber of PDCCHs indicating downlink Semi-Persistent Sched-
uling (SPS) releasing, and the size of the HARQ-ACK
bundling window, and sending, by the UE, the HARQ-ACK
teedback information of each CC wvia the PUSCH m the
current uplink subframe, and the number of bits of the
HARQ-ACK feedback information of each CC being deter-
mined according to the number of the downlink subirames.

In an implementation, the determining includes opera-

tions that:
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4

when transmission of the PUSCH 1s adjusted by a
PDCCH without the UL DAI field or the transmission of the

PUSCH 1s not adjusted by a detected PDCCH, the number

of downlink subirames Correspondmg to the PARQ-ACK
feedback information sent in the PUSCH of each CC 1n the

current uplink subirame 1s the size of a bundling window of
the CC;

when transmission ol the PUSCH 1s adjusted by a
PDCCH with the UL DAI field, 11 the CC refers to HARQ-

ACK Reference Timing of a TDD uplink-downlink configu-
ration 3, the number of downlink subframes corresponding
to the HARQ-ACK feedback information sent in the

PUSCH of each CC 1in the current uplink subirame 1is
calculated according to the following Equation 1:

B Pr=min{(Wp ;" +4*ceiling((U- Wy, )/4),M.} Equation 1

In the Equation 1:

B_“* is the number of downlink subframes correspondmg

to the HARQ-ACK feedback information sent in the
PUSCH of the CC ¢ 1n the current uplink subirame;

¢ 1s a sequence number of the CC;

W, ., © is a value of the UL DAI obtained by the UE from
the UL Grant of the PDCCH;

ceiling ( ) 1s a rounded up function;

U 1s the maximum value of the U of the CCs which are
the CCs configured for the UE and refer to the HARQ-ACK

Retference Timing of the TDD uplink-downlink configura-
tion 5;:

U . 1s a sum of the number of PDSCH subframes received
from a subirame n-k of the CC ¢ and the number of PDCCHs
indicating the downlink SPS releasing;

n 1s a sequence number of the current uplink subirame;

k belongs to a set K which 1s a set of sequence numbers
of downlink subirames 1n the HARQ-ACK bundling win-
dows of the CC ¢ corresponding to the uplink subframe n;

M . 1s the size of the HARQ-ACK bundling window of the
CC c;

when transmission of the PUSCH 1s adjusted by the
PDCCH with the UL DAI field, 11 the CC refers to HARQ-
ACK Reference Timing of a TDD uplink-downlink configu-
ration 0, 1, 2, 3, 4, 6, the B_”" is equal to min{W,,,~", M__}.

In an implementation, the determining includes opera-
tions that:

when transmission of the PUSCH 1s adjusted by a
PDCCH without the UL DAI field or the transmission of the

PUSCH 1s not adjusted by a detected PDCCH, the number
of downlink subirames correspondmg to the PARQ-ACK
teedback imnformation sent in the PUSCH of each CC 1n the
current uplink subirame 1s the size of a bundling window of
the CC:;

when transmission of the PUSCH 1s adjusted by the
PDCCH with the UL DAI field, 11 the CC refers to HARQ-
ACK Reterence Timing of a TDD uplink-downlink configu-
ration 5, the number of downlink subframes corresponding
to the HARQ-ACK ifeedback information sent in the
PUSCH of each CC 1in the current uplink subirame 1is

calculated according to the following Equation 2:

B Pl=min{(W, ;" “+4*ceiling(U - Wy ;““V4),M_} Equation 2

In the Equation 2:

B_~* is the number of downlink subframes correspondmg
to the HARQ-ACK feedback information sent in the
PUSCH of the CC ¢ 1n the current uplink subirame;

¢ 1s a sequence number of the CC;

W, ., " is a value of the UL DAI obtained by the UE from

the UL Grant of the PDCCH;
ceiling ( ) 1s a rounded up function;
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U . 1s a sum of the number of PDSCH subirames received
from a subiframe n-k of the CC ¢ and the number of PDCCHs
indicating the downlink SPS releasing;

n 1s a sequence number of the current uplink subirame;

k belongs to a set K which is a set of sequence numbers

of downlink subframes 1n the HARQ-ACK bundling win-
dows of the CC ¢ corresponding to the uplink subirame n;

M . 1s the s1ze of the HARQ-ACK bundling window of the
CC c;

when transmission of the PUSCH 1s adjusted by the
PDCCH with the UL DAI field, 11 the CC refers to HARQ-
ACK Retference Timing of a TDD uplink-downlink configu-
ration 0, 1, 2, 3, 4, or 6, the B " is equal to min{WDAIUL,,
M)

In an implementation, the determining includes opera-
tions that:

when transmission of the PUSCH 1s adjusted by a
PDCCH without the UL DAI field or the transmission of the
PUSCH 1s not adjusted by a detected PDCCH, the number
of downlink subirames Correspondmg to the PARQ-ACK
teedback information sent 1n the PUSCH of each CC 1n the

current uplink subirame 1s the size of a bundling window of
the CC;

when transmission of the PUSCH 1s adjusted by the
PDCCH with the UL DAI field, i1 all CCs configured for the
UE comprises one or more CCs referring to HARQ-ACK
Reference Timing of a TDD uplink-downlink configuration
5, the number of downlink subiframes correspondmg to the
HARQ-ACK feedback information sent in the PUSCH of
cach of the CCs configured for the UE in the current uplink

subirame 1s calculated according to the following Equation
3:

B PL=min{(Wp, " “+4*ceiling((U-Wp_,5)V4),M_} Equation 3

In the Equation 3:

B_"* is the number of downlink subframes Correspondmg
to the HARQ-ACK feedback information sent in the
PUSCH of the CC ¢ 1n the current uplink subirame;
¢ 1s a sequence number of the CC;

W, ., " is avalue of the UL DAI obtained by the UE from
the UL Grant of the PDCCH;

ceiling ( ) 1s a rounded up function;

U 1s the maximum value of the U of all CCs configured
for the UE;

U . 1s a sum of the number of PDSCH subirames received
from a subirame n-k of the CC ¢ and the number of PDCCHs
indicating the downlink SPS releasing;

n 1s a sequence number of the current uplink subirame;

k belongs to a set K which is a set of sequence numbers
of downlink subirames 1n the HARQ-ACK bundling win-
dows of the CC ¢ corresponding to the uplink subirame n;

M _ 1s the s1ze of the HARQ-ACK bundling window of the
CC c;

when transmission of the PUSCH 1s adjusted by the
PDCCH with the UL DALI field, 1f none of the CCs config-
ured for the UE refers to HARQ-ACK Reference Timing of
a TDD uplink-downlink configuration 5, the B_“* is equal to
min{W,,_,~", M_} for all the CCs Conﬁgured for the UE.

In an implementation, the determining includes opera-
tions that:

when transmission of the PUSCH 1s adjusted by a
PDCCH without the UL DAI field or the transmission of the
PUSCH 1s not adjusted by a detected PDCCH, the number
of downlink subirames correspondmg to the PARQ-ACK
teedback information sent 1n the PUSCH of each CC in the
current uplink subirame 1s the size of a bundling window of
the CC;
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6

when transmission of the PUSCH 1s adjusted by the
PDCCH with the UL DALI field, it all CCs configured for the
UE comprises one or more CCs referring to HARQ-ACK
Retference Timing of a TDD uplink-downlink configuration
5, B 7" is equal to M. for all the CCs;

when transmission of the PUSCH 1s adjusted by the
PDCCH with the UL DAI field, 1f none of the CCs config-
ured for the UE refers to HARQ-ACK Reference Timing of
a TDD uplink-downlink configuration 5, B_“* is equal to
min{W,,,~", M_} for all the CCs;

M . 1s the size of the HARQ-ACK bundling window of the
CC c;

BDL

1s the number of downlink subirames correspondmg
to the HARQ-ACK {feedback information sent in the

PUSCH of the CC c 1n the current uplink subirame;

W, .~ is a value of the UL DAI obtained by the UE from
the UL Grant of the PDCCH.

In an implementation, the determining includes opera-
tions that:

when transmission ol the PUSCH 1s adjusted by a
PDCCH without the UL DAI field or the transmission of the

PUSCH 1s not adjusted by a detected PDCCH, the number
of downlink subirames correspondmg to the PARQ-ACK
teedback information sent in the PUSCH of each CC 1n the

current uplink subirame 1s the size of a bundling window of
the CC;

when transmission of the PUSCH 1s adjusted by the
PDCCH with the UL DALI field, it all CCs configured for the
UE comprises one or more CCs referring to HARQ-ACK
Retference Timing of a TDD uplink-downlink configuration
5, B_”* is equal to M. for the CC referring to the HARQ-
ACK Reference Timing of the TDD uplink-downlink con-
figuration 5; or B_"* is equal to min{W, ,,“*, M_} for the
CC referning to the HARQ-ACK Reference Timing of the
TDD uplink-downlink configuration 0, 1, 2, 3, 4, 6;

when transmission of the PUSCH 1s adjusted by the
PDCCH with the UL DAI field, 1f none of CCs configured
for the UE refers to HARQ-ACK Reference Timing of a
TDD uplink-downlink configuration 5, B_”* is equal to
min{W, ,““, M_} for all the CCs;

M . 1s the size of the HARQ-ACK bundling window of the
CC c;

BDL

1s the number of downlink subirames Correspondmg
to the HARQ-ACK ifeedback information sent in the
PUSCH of the CC ¢ 1n the current uplink subirame;

W, ., ~is a value of the UL DAI obtained by the UE from
the UL Grant of the PDCCH.

In an implementation, the determining the number of bits
of the HARQ-ACK feedback information of each CC
according to the number of the downlink subframes
includes:

when a transmission mode of the CC ¢ 1s Single Input

Multiple Output (SIMO), or when a transmission mode of

the CC c¢ 1s Multiple Input Multiple Output (MIMO) and
spatial bundling 1s performed for the HARQ-ACK feedback
of the CC ¢, O #“*=B "*;

when a transmission mode of the CC ¢ 1s MIMO and
spatial bundling 1s not performed for the HARQ-ACK
feedback of the CC ¢, O_*“*=2*B _P*,

O “*“* is the number of bits of the E-ARQ-ACK teedback
information of the CC c.

In accordance with another aspect of the present disclo-
sure, an apparatus of a User Equipment (UE) for sending
Hybrid Automatic Repeat Request acknowledgement
(HARQ-ACK) feedback information 1s provided, when
Time Division Duplexing (TDD) uplink-downlink configu-
rations of multiple Component Carriers (CCs) in Carrier

2
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Aggregation (CA) configured for the UE are different. The
apparatus 1includes a downlink receiver configured to receive
a Physical Downlink Control Channel (PDCCH) and a
Physical Downlink Shared Channel (PDSCH) sent by a base
station, a controller configured to determine a number of
downlink subirames corresponding to HARQ-ACK feed-
back information sent 1n a Physical Uplink Shared Channel
(PUSCH) of each CC 1n a current uplink subiframe, accord-
ing to at least one of the recerved PDCCH, an Uplink (UL)
Downlink Assignment Index (UL DAI) obtained from a UL
Grant of the PDCCH, a sum of a number of PDSCH
subirames received from a HARQ-ACK bundling window
and a number of PDCCHs 1indicating downlink Semi-Per-
sistent Scheduling (SPS) releasing, and a size of the HARQ-
ACK bundling window, and an uplink transmitter config-
ured to send the HARQ-ACK feedback information of each
CC wvia the PUSCH 1in the current uplink subiframe, and a
number of bits of the HARQ-ACK feedback information of
cach CC being determined according to the number of the
downlink subirames.

In accordance with another aspect of the present disclo-
sure, a method for recerving Hybrid Automatic Repeat
Request acknowledgement (HARQ-ACK) feedback infor-
mation 1s provided, when Time Division Duplexing (TDD)
uplink-downlink configurations of multiple Component Car-
riers (CCs) 1n Carrnier Aggregation (CA) configured for User
Equipment (UE) are diferent. The method includes trans-
mitting, by a Base Station (BS), a Physical Downlink
Control Channel (PDCCH) and a Physical Downlink Shared
Channel (PDSCH) to the UE, determining, by the BS, a
number of downlink subirames corresponding to HARQ-

ACK feedback information sent 1n a Physical Uplink Shared
Channel (PUSCH) of each CC 1n a current uplink subirame,
according to at least one of the PDCCH, an Uplink (UL)
Downlink Assignment Index (UL DAI) 1ncluded in a UL
Grant of the PDCCH, a sum of a number of PDSCH
subirames received from a HARQ-ACK bundling window
and a number of PDCCHs indicating downlink Semi-Per-
sistent Scheduling (SPS) releasing, and a si1ze of the HARQ-
ACK bundling window, and receiving, by the BS, HARQ-
ACK feedback mformation of each CC via the PUSCH in
the current uplink subirame. The number of bits of the
HARQ-ACK feedback information of each CC 1s deter-
mined according to the number of the downlink subframes.

In accordance with another aspect of the present disclo-
sure, an apparatus of a Base Station (BS) for receiving
Hybrid Automatic Repeat Request acknowledgement
(HARQ-ACK) feedback information i1s provided, when
Time Division Duplexing (TDD) uplink-downlink (U-D)
configurations of multiple Component Carriers (CCs) 1n
Carrier Aggregation (CA) configured for User Equipment
(UE) are different. The apparatus includes a downlink trans-
mitter configured to transmit a Physical Downlink Control
Channel (PDCCH) and a Physical Downlink Shared Chan-
nel (PDSCH) to the UE, a controller configured to determine
a number of downlink subiframes corresponding to HARQ-
ACK feedback information sent 1n a Physical Uplink Shared
Channel (PUSCH) of each CC 1n a current uplink subirame,
according to at least one of the PDCCH, an Uplink (UL)
Downlink Assignment Index (UL DAI) included 1mn a UL
Grant of the PDCCH, a sum of a number of PDSCH
subirames received from a HARQ-ACK bundling window
and a number of PDCCHs indicating downlink Semi-Per-
sistent Scheduling (SPS) releasing, and a size of the HARQ-
ACK bundling window, and an uplink receiver configured to
receive HARQ-ACK feedback information of each CC via

the PUSCH 1n the current uplink subframe. The number of
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bits of the HARQ-ACK feedback information of each CC 1s
determined according to the number of the downlink sub-
frames.

As can be seen from the above solutions, according to the
method for sending HARQ-ACK feedback information pro-
vided by the embodiments of the present disclosure, when
the TDD uplink-downlink configurations of multiple CCs 1n
CA are different, the UE first determines the number of
downlink subirames corresponding to the HARQ-ACK
teedback information sent in the PUSCH of each CC 1n the
current uplink subirame, according to at least one of the
received PDCCH, the UL DAI obtained from the UL Grant
of the PDCCH, the sum of the number of PDSCH subirames
received from the HARQ-ACK bundling window and the
number of PDCCHs indicating the downlink SPS releasing,
and the si1ze of the HARQ-ACK bundling window, and then
determines the number of bits of the HARQ-ACK feedback
information of each CC according to the number of the
downlink subirames. Therefore, not only the HARQ-ACK
ly 1n the CA

teedback mformation can be transmitted correct.
system 1n which the TDD uplink-downlink configurations of
multiple CCs are different, but also the waste of PUSCH
resources are avoided, and the case in which the TDD
uplink-downlink conﬁgurations of the multiple CCs 1n the
CA are different 1s eflectively supported to satisly the
requlrements of TDD uplink-downlink configurations of CC
in different scenes.

Other aspects, advantages, and salient features of the
disclosure will become apparent to those skilled 1n the art
from the following detailed description, which, taken 1n
conjunction with the annexed drawings, discloses various
embodiments of the present disclosure.

BRIEF DESCRIPTION OF DRAWINGS

The above and other aspects, features, and advantages of
certain embodiments of the present disclosure will be more
apparent Irom the following description taken in conjunction
with the accompanying drawings, in which:

FIG. 1 1s a schematic diagram illustrating the structure of
a frame 1 a Time Division Duplexing (1DD) system
according to the related art;

FIG. 2 1s a schematic diagram 1llustrating conventional
TDD uplink-downlink configuration of each Component
Carrier (CC) 1n the same Carrier Aggregation (CA) accord-
ing to the related art;

FIG. 3 1s a schematic flowchart 1llustrating a method for
sending Hybrid Automatic Repeat Request acknowledge-
ment (HARQ-ACK) feedback information according to an
embodiment of the present disclosure;

FIG. 4 1s a block diagram of a User Equipment (UE)
according to an embodiment of the present disclosure;

FIG. § 1s a block diagram of a Base Station (BS) accord-
ing to an embodiment of the present disclosure;

Throughout the drawings, like reference numerals will be
understood to refer to like parts, components, and structures.

DETAILED DESCRIPTION

The following description with reference to the accom-
panying drawings 1s provided to assist in a comprehensive
understanding of various embodiments of the present dis-
closure as defined by the claims and their equivalents. It
includes various specific details to assist 1n that understand-
ing but these are to be regarded as merely exemplary.
Accordingly, those of ordinary skill 1n the art will recognize
that various changes and modifications of the various
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embodiments described herein can be made without depart-
ing from the scope and spirit of the present disclosure. In
addition, descriptions of well-known functions and con-
structions may be omitted for clarity and conciseness.

The terms and words used in the following description
and claims are not limited to the bibliographical meanings,
but, are merely used by the mventor to enable a clear and
consistent understanding of the present disclosure. Accord-
ingly, it should be apparent to those skilled 1n the art that the
tollowing description of various embodiments of the present
disclosure 1s provided for 1illustration purpose only and not
for the purpose of limiting the disclosure as defined by the
appended claims and their equivalents.

It 1s to be understood that the singular forms “a,” “an,”
and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a com-
ponent surface” includes reference to one or more of such
surfaces.

In a Long Term Evolution (LTE)-Advanced (LTE-A)
Time Division Duplexing (TDD) system configured with
Carrier Aggregation (CA), TDD uplink-downlink (U-D)
configurations of multiple Component Carriers (CCs) 1n a
base station may be diflerent in the embodiments of the
present disclosure.

FIG. 3 1s a schematic flowchart illustrating a method for
sending Hybrid Automatic Repeat Request acknowledge-
ment (HARQ-ACK) feedback information according to an
embodiment of the present disclosure.

Referring to FIG. 3, the flow includes the following
operations.

In operation 301, a User Equipment (UE) receives a
Physical Downlink Control Channel (PDCCH) and a Physi-
cal Downlink Shared Channel (PDSCH) sent by a base
station.

In operation 302, the UE determines the number of
downlink subirames corresponding to HARQ-ACK feed-
back information sent 1n a Physical Uplink Shared Channel
(PUSCH) of each CC configured for the UE 1n a current
uplink subirame, according to at least one of the receirved
PDCCH, an uplink (UL) Downlink Assignment Index (DAI)
obtained from a UL Grant of the PDCCH, a sum of the
number of PDSCH subirames received from a HARQ-ACK
bundling window and the number of PDCCHs for indicating
the downlink Semi-Persistent Scheduling (SPS) releasing,
and the size of the HARQ-ACK bundling window.

In operation 303, the UE determines the number of bits of
the HARQ-QCK {feedback information according to the
number of down link subframes. In operation 304, the UE
sends the E ARQ -ACK {feedback information of eaeh CCvia
the PUSCH 1in the current uplink subirame.

The embodiments of the present disclosure provide four
preferable modes for implementing the block 302. The
preferable methods used by the UE for determining the
number of downlink subframes corresponding to the
HARQ-ACK feedback information sent in the PUSCH of
cach CC 1n the current uplink subirame will be described 1n
detail.

The first method 1s provided.

In the first case, when transmission of the PUSCH 1s
adjusted by a PDCCH without the UL DAI field or the
transmission of the PUSCH 1s not adjusted by a detected
PDCCH, the number of downlink subirames corresponding
to the HARQ-ACK feedback information sent in the
PUSCH of each CC configured for the UE 1n the current
uplink subirame 1s the size of a bundling window of the CC.

Some terms 1n the embodiments of the present disclosure
are described brietly.
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The HARQ-ACK bundling window size 1s defined as the
s1ize of the bundling window used for sending the HARQ-
ACK feedback information in the PUCCH when the CAs
have different TDD uplink-downlink configurations. The
bundling window used for sending the HARQ-ACK {feed-
back information i the PUCCH may be different for dif-
ferent cells and or different carriers. In the embodiments of
the present disclosure, when being used for sending the
HARQ-ACK {feedback information 1n the PUSCH, the bun-
dling window 1s the same as that corresponding to the
PUCCH.

The transmission of the PUSCH being adjusted by the
PDCCH without the UL DAI refers to that the PDCCH
scheduling the PUSCH data does not include the UL DAI
field. For example, when the PUSCH of the CC transmitting
the PUSCH data performs the scheduling according to
HARQ-ACK Reference Timing of a TDD uplink-downlink
configuration 0, the PDCCH scheduling the PUSCH data
does not include the UL DAI field.

The transmission of the PUSCH being adjusted by the
detected PDCCH refers to the transmission of the PUSCH
data 1s scheduled by the PDCCH, the transmission of the
PUSCH being not adjusted by the detected PDCCH refers to
the transmission of the PUSCH data does not need to be
scheduled by the PDCCH, for example, SPS services and
non-adaptive retransmission services.

The relation between the HARQ-ACK Reference Timing,
referred by a certain CC and the TDD uplink-downlink
configuration of the CC includes that: when the TDD
uplink-downlink configurations used by the multiple CCs
configured for the UE include two different TDD uplink-
downlink configurations, for example, a configuration A and
a configuration B respectively, the UE obtains two back-
wards compatible TDD uplink-downlink configurations C1
and C2 via mapping the configurations A and B, and C1 or
C2 may be any of seven conventional TDD uplink-downlink

configurations. Thus, the CC with the configuration A as the
TDD uplink-downlink configuration refers to the HARQ-

ACK Reference Timing of the TDD uplink-downlink con-
figuration C1, the CC with the configuration B as the TDD
uplink-downlink configuration refers to the HARQ-ACK
Retference Timing of the TDD uplink-downlink configura-
tion C2.

The value of the UL DAI 1s a reference value used for
calculating the number of bits of the HARQ-ACK feedback
information of each CC which sends the HARQ-ACK
feedback information i the PUSCH of the same uplink
subirame.

In the following descriptions of the present disclosure,
cach CC configured for the UE 1s recorded as CC c; the
current uplink subiframe is recorded as uplink subirame n;
the number of downlink subirames corresponding to the
HARQ-ACK {feedback information sent via the PUSCH of
the CC c in the uplink subframe n is recorded as B_~*; and
the size of the bundling window of the CC c 1s recorded as
M .

In the above case 1, B_”" is equal to M ..

In the second case, when transmission of the PUSCH 1s
adjusted by a PDCCH with the UL DAI field, because the
TDD uplink-downlink configuration 5 only has one uplink
subiframe, the HARQ-ACK feedback information of all
downlink subirames needs to be transmitted via the PUSCH
of this uplink subirame, while the length of the UL DAI field
1s only 2 bits which can only indicate 4 different values, and
thus the TDD uplink-downlink configuration 5 and the TDD
uplink-downlink configurations 0, 1, 2, 3, 4, 6 are processed
respectively 1n the embodiments of the present disclosure.
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Specifically, if the CC reters to HARQ-ACK Reference
Timing of the TDD uplink-downlink configuration S, the
first processing mode includes calculating the B of the
CC according to the following Equation 1:

B PL=min{(Wp " “+4*ceiling((U-Wp_,“5)V4),M_} Equation 1

Herein, W, ,,”* is the value of the UL DAI obtained by
the UE from the UL Grant of the PDCCH; ceiling ( ) 1s a
rounded up function; U 1s the maximum value of the U of the
CCs which are the CCs configured for the UE and refer to
the HARQ-ACK Reference Timing of the TDD uplink-
downlink configuration §; U_ 1s a sum of the number of
PDSCH subirames recetved by the UE from a subirame n-k
of the CC ¢ and the number of PDCCHs indicating the
downlink SPS releasing; k belongs to a set K, the set K 15 a
set of sequence numbers of downlink subirames in HARQ-
ACK bundling windows of the CC ¢ corresponding to the
uplink subirame n; and M_ 1s the size of the bundling
window of the CC c.

If the CC refers to the HARQ-ACK Reference Timing of
the TDD uplink-downlink configuration 3, the second pro-
cessing mode includes calculating the B~ of the CC

according to the following Equation 2:

B PL=min{(Wp, " “+4*ceiling(U - W ,“5)/4)),M.} Equation 2

Herein, W, ,,“* is the value of the UL DAI obtained by
the UE from the UL Grant of the PDCCH; ceiling ( ) 1s a
rounded up function; U _1s a sum of the number of PDSCH
subirames received by the UE from a subirame n-k of the
CC ¢ and the number of PDCCHs indicating the downlink
SPS releasing; k belongs to a set K, the set K 1s a set of
sequence numbers of downlink subirames in the HARQ-
ACK bundling windows of CC ¢ corresponding to the uplink

subirame n; and M. . 1s the size of the bundling window of the
CC c.

If the CC refers to the HARQ-ACK Reference Timing of
the TDD uplink-downlink configuration 0, 1, 2, 3, 4, or 6,
the B_”* of the CC is equal to min{W,_,~*, M_}.

In the following block 303, the number of bits of the
HARQ-ACK feedback information of each CC ¢ configured
tor the UE 1n the PUSCH of the uplink subframe n config-
ured for the UE (which is recorded as O _*“*). Specifically,
when a transmission mode of the CC ¢ 1s SIMO, or when a
transmission mode of the CC c 1s Multiple Input Multiple
Output (MIMO) and spatial bundling 1s performed for the
HARQ-ACK feedback of the CC ¢, O *“*=B_"*; when a
transmission mode of the CC c¢ 1s MIMO and spatial

bundling 1s not performed for the HARQ-ACK {feedback of
the CC ¢, O ““*=2%B "~

Whether the spatial bundling 1s performed for the HARQ-
ACK feedback information of the CC with the MIMO
transmission mode and how to perform the spatial bundling

1s not limited 1n the embodiments of the present disclosure.
After the number of bits of the HARQ-ACK feedback

information of each CC 1s determined, the HARQ-ACK
teedback information of each CC may be arranged 1in
sequence. In one mode, the HARQ-ACK feedback informa-
tion of the CC 1s arranged 1n sequence according to an index
sequence of the CC; 1n another mode, the HARQ-ACK
teedback information of the CCs referring to the HARQ-
ACK Retference Timing of the TDD uplink-downlink con-
figurations 0, 1, 2, 3, 4, or 6 1s arranged in sequence
according to an mdex sequence of the CCs, and then the
HARQ-ACK feedback information of the CC referring to
the HARQ-ACK Reference Tlmlng referring of the TDD
uplink-downlink configuration 5 i1s arranged after the

HARQ-ACK feedback imnformation of the CCs referring to
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the HARQ-ACK Reference Timing referring to of the TDD
uplink-downlink configurations 0, 1, 2, 3, 4, or 6.

The first method 1s described by taking the first embodi-
ment as an example.

In the first embodiment, 1t 1s supposed that the base station
configures 2 CCs for the UE, and the 2 CCs are a Primary
Cell (PCC) and a Secondary Cell (SCC) respectively. The
PCC uses the TDD uplink-downlink configuration 2, and the
SCC uses the TDD uplink-downlink configuration 5. In this
case, the HARQ-ACK Reference Timing of the PCC refers
to the HARQ-ACK Reference Timing of the TDD uplink-
downlink configuration 2, and the HARQ-ACK Reference
Timing of the SCC refers to the HARQ-ACK Reference
Timing of the TDD uplink-downlink configuration 5. The
bundling window of the PCC includes subframes {4,5,6,8},
and the bundling window size 1s 4, the bundling window of
the SCC includes subframes {9,0,1,3,4,5,6,7.8}, and the
bundling window size 1s 9, the UL Grant scheduling the
PUSCH 1s sent via the subiframe 8 of the SCC, and

W, ;- =3. This case belongs to the second case in the first
method.

The PCC uses the TDD uplink-downlink configuration 2,
the B.”" of the PCC is equal to min{W,,,~*, M_}=min{3,
41=3, it is supposed that the PCC uses the transmission
mode of Single Input Multiple Output (SIMO), then the
number of bits of the HARQ-ACK feedback information of
the PCC is O *“*=B =3,

The SCC uses the TDD uplink-downlink configuration 5,
because only one CC with the TDD uplink-downlink con-
figuration 5 1s configured for the UE, the first and second
processing modes corresponding to the TDD uplink-down-
link configuration 3 are equivalent to each other, and any of
Equation 1 and Equation 2 may be used. It 1s supposed that
the Equation 1 is used, thus the B " of the CC is equal to
min{ (W, +4*ceiling(U-W,_,"“)V4)), M_}. It is sup-
posed that the sum of the number of PDSCH subirames
received from the subirame n-k of SCC and the number of
PDCCHs 1indicating downlink SPS releasing 1s 6, thus
B_““=min{(W, ,““+4*ceiling((U-W , ,,“*)/4)),
M_}=min{(3+4*ceiling(6-3)/4)), 9}=7.

It 1s supposed that the SCC uses the transmission mode of
MIMO and the spatial bundling 1s not performed for the
HARQ-ACK feedback information, then the number of bits
of the HARQ-ACK {feedback information of the SCC
O *5=2%B Pr=2%7=14,

The second method 1s provided.

In the first case, when the transmission of the PUSCH 1s
adjusted by the PDCCH without the UL DAI field or the
transmission o the PUSCH 1is not adjusted by the detected
PDCCH, the number of downlink subirames corresponding
to the HARQ-ACK feedback information sent via the
PUSCH of each CC configured for the UE 1n the current
uplink subirame 1s the bundling window size of the CC, 1.e.
B_“* is equal to M._..

In the second case, when the transmission of the PUSCH
1s adjusted by the PDCCH with the UL DAI field, when all
CCs configured for the UE include one or more CCs
referring to the HARQ-ACK Reference Timing of the TDD
uplink-downlink configuration 5, the B_~" is calculated via
Equation 31 for all the CCs including the CCs referring to
the HARQ-ACK Reference Timing referring to of the TDD
uplink-downlink configuration 5 and the CCs referring to the
HARQ-ACK Reference Timing of the TDD uplink-down-
link configurations 0, 1, 2, 3, 4, 6:

B Pr=min{(Wp " +4*ceiling(U-Wp " 5)4)),M.}  Equation (3)
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Herein, W, ,, " is the value of the UL DAI obtained by

the UE from the UL Grant of the PDCCH; ceiling ( ) 1s a
rounded up function; U 1s the maximum value of the U of
all CCs configured for the UE; U _1s a sum of the number of
PDSCH subirames received by the UE from the subframe
n-k of the CC ¢ and the number of PDCCHs indicating
downlink SPS releasing; k belongs to a set K, the set K 1s a
set of sequence numbers of downlink subirames 1n HARQ-
ACK bundling windows of CC ¢ corresponding to the uplink
subirame n; and M. 1s the size of the bundling window of the
CC c.

In the third case, when the transmission of the PUSCH 1s
adjusted by the PDCCH with the UL DAI field, when none
of CCs configured for the UE refers to the HARQ-ACK
Reference Timing of the TDD uplink-downlink configura-
tion 5, the B " is equal to min{W , ,,”*, M_} for all the
CCs. Herein, W,,,,~ " is the value of the UL DAI obtained
by the UE from the UL Grant of the PDCCH, and M _ 1s the
s1ze of the bundling window of the CC c.

The processing in the following step 303 1s the same as
that 1n the first method, which will not be described herein.

The second method 1s described by taking the second
embodiment as an example.

In the second embodiment, it 1s supposed that the base
station configures 2 CCs for the CA UE, and the 2 CCs are
a PCC and a SCC respectively. The PCC uses the TDD
uplink-downlink configuration 2, and the SCC uses the TDD
uplink-downlink configuration 5. In this case, the HARQ-
ACK Reference Timing of the PCC refers to the HARQ-
ACK Reference Timing of the TDD uplink-downlink con-
figuration 2, and the HARQ-ACK Reference Timing of the
SCC refers to the HARQ-ACK Reference Timing of the
TDD uplink-downlink configuration 5. The bundling win-
dow of the PCC includes subframes {4,5,6,8}, and the
bundling window size 1s 4, the bundling WilldOW of the SCC
includes subframes {9,0,1,3,4.5.6,7,8}, and the bundling
window size 1s 9, the UL Grant for scheduling the PUSCH
is sent via the subframe 8 of the SCC, and W, ,,~“=1. This
case belongs to the second case 1n the second method, and
Equation 1 1s used to perform the calculation.

The PCC uses the TDD uplink-downlink configuration 2,
the B of the PCC is equal to min{(W,,,~“+4*ceiling
(U-W,,,")4)), M_}, it is supposed that the sum of the
number of PDSCH subframes received {from the subirame
n-k of the PCC and the number of PDCCHs indicating
downlink SPS releasing 1s 2 and the sum of the number of
PDSCH subirames received from the subiframe n-k of the
SCC and the number of PDCCHs mndicating downlink SPS
releasing is 6, thus U=max{Uc}=max {2, 6}=6, and
B_"*=min{ (W, “+4*ceiling(U-W ,,,,")/4)),
M_}=min{(1+4*ceiling((6-1)/4)), 4}=4.

It 1s supposed that the PCC uses the transmission mode of
SIMO, then the number of bits of the HARQ-ACK feedback
information of the PCC is O *“*=B ~"=4.

The SCC uses the TDD uphnk downhnk configuration 5,
the B of the SCC is equal to min{(W,,,~“+4*ceiling
(U-W,.,"5)4)), M_}, U—max{Uc}—max{2 6}= 6 and
thus B_ " =min{(W "~ +4*ce11111g((U —W .., )4,
M_}=min{(1+4*ceiling((6-1)/4)), 9}=9. It is supposed that
the SCC uses the transmission mode of MIMO and the
spatial bundling 1s performed for the HARQ-ACK feedback
information, then the number of bits of the HARQ-ACK
feedback information of the SCC is O *“*=B =9,

The third method 1s provided.

In the first case, when the transmission of the PUSCH 1s
adjusted by the PDCCH without the UL DAI field or the
transmission of the PUSCH 1s not adjusted by the detected
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PDCCH, the number of downlink subirames corresponding
to the HARQ-ACK {feedback information sent via the

PUSCH of each CC configured for the UE 1n the current
uplink subirame 1s the size of the bundling window of the
CC, ie. B.”" is equal to M._..

In the second case, when the transmission of the PUSCH
1s adjusted by the PDCCH with the UL DAI field and when

all CCs configured for the UE include one or more CCs
referring to the HARQ-ACK Reference Timing of the TDD

uplink-downlink configuration 5, B_~* is equal to M__ for all
CCs.

In the third case, when the transmission of the PUSCH 1s
adjusted by the PDCCH with the UL DAI field and none of
the CCs configured for the UE refers to the HARQ-ACK
Retference Timing of the TDD uplink-downlink configura-
tion 5, B ”* is equal to min{W, ,“*, M_} for all CCs.
Herein, WD . is the value of the UL DAI obtained by the
UE from the UL Grant of the PDCCH, and M. 1s the size of
the bundling window of the CC c.

The processing 1n the following step 303 1s the same as
that 1n the first method, which will not be described herein.

The third method 1s described by taking the third embodi-
ment as an example.

In the third embodiment, it 1s supposed that the base
station configures 2 CCs for the CA UE, and the 2 CCs are
a PCC and a SCC respectively. The PCC uses the TDD
uplink-downlink configuration 2, and the SCC uses the TDD
uplink-downlink configuration 3. In this case, the HARQ-
ACK Reference Timing of the PCC refers to the HARQ-
ACK Reference Timing of the TDD uplink-downlink con-
figuration 2, and the HARQ-ACK Reference Timing of the
SCC refers to the HARQ-ACK Reference Timing of the
TDD uplink-downlink configuration 3. The bundling win-
dow of the PCC includes subframes {4,5,6,8}, and the
bundling window size is 4, the bundling WiIldOW of the SCC
includes subframes {9,0,1,3.4.5,6,7,8}, and the bundling
window size 1s 9, the UL Grant for scheduling the PUSCH
is sent via the subframe 8 of the SCC, and W, ,,~“=1. This
case belongs to the second case 1n the second method.

The PCC uses the TDD uplink-downlink configuration 2,
the B_ " of the PCC is equal to M_=4. It is supposed that the
PCC uses the transmission mode of SIMO, then the number
of bits of the HARQ-ACK feedback information of the PCC
is O *1“*=B 7"=4.

The SCC uses the TDD uplink-downlink configuration 5,
the B_* of the SCC is equal to M_=9. It is supposed that the
SCC uses the transmission mode of SIMO, then the number
of bits of the HARQ-ACK feedback information of the SCC

O ACK_B D 9

The fourth method 1s provided.

In the first case, when the transmission of the PUSCH 1s
adjusted by the PDCCH without the UL DAI field or the
transmission of the PUSCH 1s not adjusted by the detected
PDCCH, the number of downlink subirames corresponding
to the HARQ-ACK ifeedback information sent in the
PUSCH of each CC configured for the UE in the current
uplink subirame 1s the size of the bundling window of the
CC, i.e. B”" is equal to M._..

In the second case, when the transmission of the PUSCH
1s adjusted by the PDCCH with the UL DAI field and when
all CCs configured for the UE include one or more CCs
referring to the HARQ-ACK Reference Timing of the TDD
uplink-downlink configuration 3, for the CC referring to the
HARQ-ACK Reference Timing of the TDD uplink-down-
link configuration 5, B_”* is equal to M _; for the CC
referring to the HARQ- ACK Reference Tlmmg of the TDD
uplink-downlink configuration 0, 1, 2, 3, 4, or 6, B_”" is
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equal to min{W,,,,"", M_}; herein, W, ;7" is the value of
the UL DALI obtained by the UE from the UL Grant of the

PDCCH, M.. 1s the size of the bundling window of the CC
C.

In the third case, when the transmission of the PUSCH 1s
adjusted by the PDCCH with the UL DAI field, when none
of CCs configured for the UE refers to the HARQ-ACK
Retference Timing of the TDD uplink-downlink configura-
tion 5, the B * is equal to min{W , ,“*, M _} for all the
CCs. Herein, W, ,,-~ is the value of the UL DAI obtained
by the UE from the UL Grant of the PDCCH, M. 1s the
bundling window size of the CC c.

The processing 1n the following step 303 1s the same as
that 1n the first method, which will not be described herein.

The fourth method 1s described by taking the fourth
embodiment as an example.

In the fourth embodiment, 1t 1s supposed that the base
station configures 2 CCs for the CA UE, and the 2 CCs are
a PCC and a SCC respectively. The PCC uses the TDD
uplink-downlink configuration 2, and the SCC uses the TDD
uplink-downlink configuration 5. In this case, the HARQ-
ACK Reference Timing of the PCC refers to the HARQ-
ACK Retference Timing of the TDD uplink-downlink con-
figuration 2, and the HARQ-ACK Reference Timing of the
SCC refers to the HARQ-ACK Reference Timing of the
TDD uplink-downlink configuration 5. The bundling win-
dow of the PCC includes subframes {4.5,6,8}, and the
bundling window size 1s 4, the bundling window of the SCC
includes subframes {9,0,1,3,4,5,6,7,8}, and the bundling
window size 1s 9, the UL Grant for scheduling the PUSCH
is sent via the subframe 8 of the SCC, and W, ,,”“=1. This
case belongs to the second case 1n the fourth method.

The PCC uses the TDD uplink-downlink configuration 2,
the B,”" of the PCC is equal to min{W,,”", M_}=min{1,
41=1. It is supposed that the PCC uses the transmission
mode of SIMO, then the number of bits of the HARQ-ACK
feedback information of the PCC is O *“*=B _“"=1.

The SCC uses the TDD uplink-downlink configuration 3,
the B_“* of the SCC is equal to M_=9. It is supposed that the
SCC uses the transmission mode of SIMO, then the number
of bits of the HARQ-ACK feedback information of the SCC
is O 4“%=B P*=9,

FIG 4 1s a block diagram of a UE
embodiment of the present disclosure.

Referring to FIG. 4, the UE 1s adapted to comprise a
controller 410, a downlink receiver 420, and an uplink
transmitter 430. The downlink receiver 420 receives a signal
via at least one of a PDCCH and a PDSCH. The controller
410 1s configured to determine the number of downlink
subirames corresponding to HARQ-ACK feedback infor-
mation sent 1n the PUSCH of each CC 1n a current uplink
subirame, according to at least one of the received PDCCH,
an UL DAI obtained from a UL Grant of the PDCCH, a sum
of the number of PDSCH subirames received from a
HARQ-ACK bundling window and the number of PDCCHs
indicating downlink SPS releasing, and the size of the
HARQ-ACK bundling window. The controller 410 1s con-
figured to determine the number of bits of the HARQ-ACK
teedback information of each CC according to the number of
the downlink subirames. The uplink transmitter 430 sends
the PARQ-ACK teedback mformation of each CC wvia the
PUSCH 1n the current uplink subirame.

FIG. 5 1s a block diagram of BS according to an embodi-
ment of the present disclosure.

Referring to FIG. 5, the BS 1s adapted to comprise a
controller 510, a downlink transmitter 520, and an uplink
receiver 330. The downlink transmitter 320 transmits a
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signal via at least one of a PDCCH and a PDSCH. The
controller 510 1s configured to determine the number of
downlink subirames corresponding to HARQ-ACK feed-
back information sent 1n the PUSCH of each CC 1n a current
uplink subirame, according to at least one of the PDCCH, an
UL DAI obtaimned from an UL Grant of the PDCCH, a sum
of the number of PDSCH subiframes received from a
HARQ-ACK bundling window and the number of PDCCHs
indicating downlink SPS releasing, and the size of the
HARQ-ACK bundling window. The controller 510 1s con-
figured to determine the number of bits of the HARQ-ACK
teedback information of each CC according to the number of
the downlink subframes. The uplink receiver 530 receives
the PARQ -ACK feedback information of each CC via the
PUSCH 1n the current uplink subframe.

As can be seen from the above embodiments, according
to the method for sending HARQ-ACK feedback informa-
tion provided by the embodiments of the present disclosure,
the UE first determines the number of downlink subirames
corresponding to the HARQ-ACK feedback information
sent 1n the PUSCH of each CC 1n the current uplink
subirame, according to at least one of the received PDCCH,
the UL DAI obtained from the UL Grant of the PDCCH, the
sum of the number of PDSCH subirames received from the
HARQ-ACK bundling window and the number of PDCCHs
indicating the downlink SPS releasing, and the size of the
HARQ-ACK bundling window, and then determines the
number of bits of the HARQ-ACK feedback information of
cach CC according to the number of the downlink sub-
frames. Therefore, not only the HARQ-ACK feedback infor-
mation can be transmitted correctly i the CA system in
which the TDD uplink-downlink configurations of multiple
CCs are different, but also the waste of PUSCH resources
are avolded, and the case 1n which the TDD uplink-downlink
configurations of multiple CCs in CA are different i1s sup-
ported.

The foregoing are only preferred embodiments of the
present disclosure. It should be noted that those skilled in the
art may make improvement and modification within the
principle of the present disclosure, and the improvement and
modification should be covered 1n the protection scope of
the disclosure.

While the present disclosure has been shown and
described with reference to various embodiments thereof, it
will be understood by those skilled in the art that various
changes 1 form and details may be made therein without
departing from the scope of the present disclosure as defined
by the appended claims and their equivalents.

The mnvention claimed 1s:

1. A method for transmitting hybrid automatic repeat
request acknowledgement (HARQ-ACK) feedback infor-
mation, the method comprising:

recerving, by a user equipment (UE), at least one param-

cter related to HARQ-ACK feedback;

determiming, by the UE, one mode among a predeter-

mined plurality of modes for determining a number of
subirames for HARQ-ACK feedback based on the at
least one parameter;

determining, by the UE, a number of subiframes for

HARQ-ACK feedback using the at least one parameter
based on the one mode;

determining, by the UE, a number of HARQ-ACK feed-

back bits, based on the number of subirames:
generating HARQ-ACK feedback information based on

the number of HARQ-ACK feedback bits; and
transmitting, by the UE, the HARQ-ACK feedback infor-

mation,
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wherein the plurality of modes includes a first mode and M 1s a size of the HARQ-ACK bundling window of
a second mode, the CC c¢; and

wherein, in the first mode, the number of subframes for when the transmission of the PUSCH 1s adjusted by the
HARQ-ACK feedback is determined by whether a PDCCH with the UL DAL 1f the CC refers to the
transmission of a physical uplink shared channel 3 HARQ-ACK reference timing of the TDD uplink-

' ‘ : ' downlink configuration 0, 1, 2, 3, 4, or 6, then B_** is

(PUSCH) 1s not adjusted by a physical downlink con- onligu on 9, 1, & 3, 4, ; c
trol channel (PDCCH) with an uplink downlink assign- equal to mm{WDA‘I . M. o
ment index (UL DAI) or the transmission of the 3. The method of claim 1, wherein, in the first mode, the

PUSCH is adjusted by the PDCCH with the UL DAL, determining of the puplber of subframes .comprises:

i . . 10  when the transmission of the PUSCH 1s adjusted by the
and, when the transmission of the PUSCH 1s adjusted PDCCH with the UL DAL th N e oy
by the PDCCH with the UL DAI, the number of w1 c , LIC NUMDBbEr O SUDIIAMCS

subframes for HARQ-ACK feedback 1s determined by qorrespopdmg (o the E'ARQ_ACK. feedback 1nf0rqla-
. , _ tion sent in the PUSCH of each CC 1n the current uplink
whether a component carrier (CC) 1n a current uplink

N subirame 1s a size of a bundling window of the CC;
subtrame refers to a HARQ-ACK reterence iming ol a 15 when the transmission of the PUSCH 1s adjusted by the

time division duplexing (TDD) uplink-downlink con- PDCCH with the UL DAI, if a CC refers to the

figu ) ati.crn 5 or configuration 0, 1, 2, 3, 4, or 6, and HARQ-ACK reference timing of the TDD uplink-
wherein, 1n the second mode, the number of subiframes for downlink configuration 5, the number of subframes

HARQ-ACK feedback 1s determined by whether the corresponding to the HARQ-ACK feedback informa-

transmissiop hofl the__ PUSCH ii not adqut?d byf tfle 20 tion sent 1n the PUSCH of each CC 1n the current uplink
PDCCH with the UL DAI or the transmission of the subirame 1s calculated according to the equation:

PUSCH 1s adjusted by the PDCCH with the UL DAL,
and, when the transmission of the PUSCH 1s adjusted B Pl=min{(Wp ;" +4*ceiling(U,- Wy, "5)V4).M.},
by the PDCCH with the UL DAI, the number of
subirames for HARQ-ACK feedback 1s determined by

where B_"* is a number of subframes corresponding to

Hether all CC & ured for the UR , 25 the HARQ-ACK {feedback information sent in the
whether a s conligured lor the UR comprise one or PUSCH of a CC ¢ 1n the current uplink subirame,
more CCs referring to the HARQ-ACK reference tim- :

, , , , ¢ 1s a sequence number of the CC,
ing of the TDD uplink-downlink configuration 5 or W ., YL is a value of the UL DAI obtained by the UE
none of the CCs configured for the UE refer to the ‘E‘f}fm an UL grant of the PDCCH,

HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5.
2. The method of claim 1, wherein, 1n the first mode, the

determining of the number of subirames comprises:
when the transmission of the PUSCH 1s not adjusted by
the PDCCH with the UL DAI, the number of subiframes

30 ceiling ( )1s a rounded up function,
U .1s a sum of a number of PDSCH subirames receirved
from a subirame n-k of the CC ¢ and a number of
PDCCHs indicating a downlink semi-persistent
scheduling (SPS) releasing,

_ _ 35 n 1s a sequence number of the current uplink subframe,
qorrespopdmg o the HARQ'ACK. feedback 1nf0npa- k belongs to a set K which 1s a set of sequence numbers
tion sent in the PUSCH of each CC 1n the current uplink of downlink subframes in the HARQ-ACK bundling

subirame 1s a size of a bundling window of the CC;
when the transmission of the PUSCH 1s adjusted by the
PDCCH with the UL DAI, if a CC refers to the
HARQ-ACK reference timing of the TDD uplink-

downlink configuration 5, the number of subirames when the transmission of the PUSCH is adjusted by the
corresponding to the HARQ-ACK feedback informa- PDCCH with the UL DA, if the CC refers to the

tion sent il} the PUSCH of each CCin the current uplink HARQ-ACK reference timing of the TDD upli k-

subirame 1s calculated according to the equation: 45 downlink configuration 0, 1, 2, 3, 4, or 6, then B, 7% is
equal to min{W,,,”", M_}.

4. The method of claim 1, wherein, in the second mode,

windows of the CC ¢ corresponding to the uplink

subframe n, and
40 M . 1s a size of the HARQ-ACK bundling window of

the CC c¢; and

BEBL:miH{ ( WEAIUL+4$ Cﬂlllﬂg(( U- WBAIUL)/‘q’)):MC} ’

where B_"" is the number of subframes corresponding the determining of the number of subiframes comprises:
to the HARQ-ACK feedback information sent in the when the transmission of the PUSCH 1s not adjusted by
PUSCH of a CC c¢ in the current uplink subiframe, 50 the PDCCH with the UL DAI, the number of subframes
¢ 1s a sequence number of the CC, corresponding to the HARQ-ACK feedback informa-
W, ~is a value of the UL DAI obtained by the UE tion sent 1n the PUSCH of each CC 1n the current uplink
from an UL grant of the PDCCH, subirame 1s a size of a bundling window of the CC;
ceiling ( ) 1s a rounded up function, when the transmission of the PUSCH 1s adjusted by the
U 1s a maximum value of U_ of multiple CCs 1n carrier 55 PDCCH with the UL DAL 1f all CCs configured for the
aggregation (CA), which are the CCs configured for UE comprise one or more CCs referring to the HARQ-
the UE and refer to the HARQ-ACK reference ACK reference timing of the TDD uplink-downlink
timing of the TDD uplink-downlink configuration 5, configuration 5, the number of subiframes correspond-
U . 1s a sum of a number of PDSCH subirames received ing to the HARQ-ACK {feedback information sent in
from a subframe n-k of the CC ¢ and a number of 60 the PUSCH of each of the CCs configured for the UE
PDCCHs indicating a downlink semi-persistent in the current uplink subframe 1s calculated according
scheduling (SPS) releasing, to the equation:

n 1s a sequence number of the current uplink subirame,

k belongs to a set K which 1s a set of sequence numbers
of downlink subirames in the HARQ-ACK bundling 65 where B_"* is a number of subframes corresponding to
windows of the CC ¢ corresponding to the uplink the HARQ-ACK {feedback information sent in the
subframe n, and PUSCH of a CC c 1n the current uplink subirame,

B Pl=min{ (W, ;" “+4*ceiling((U- W, ,;"*V4)),M_},
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¢ 1s a sequence number of the CC,
W, =" is a value of the UL DAI obtained by the U

from an UL grant of the PDCCH,
ceiling ( ) 1s a rounded up function,
U 1s a maximum value of the U of all CCs configured
for the UE,
U _1s a sum of a number of PDSCH subframes received
from a subirame n-k of the CC ¢ and a number of
PDCCHs indicating a downlink SPS releasing,
n 1s a sequence number of the current uplink subirame,
k belongs to a set K which 1s a set of sequence numbers
of downlink subirames in the HARQ-ACK bundling
windows of the CC ¢ corresponding to the uplink
subirame n, and
M_. 1s a si1ze of the HARQ-ACK bundling window of
the CC c¢; and
when the transmission of the PUSCH 1s adjusted by the
PDCCH with the UL DAI, 11 none of the CCs config-
ured for the UE refer to the HARQ-ACK reference
timing of the TDD uplink-downlink configuration 5,
B “* is equal to min{W, “* M_} for all the CCs
configured for the UE.
5. The method of claim 1, wherein the plurality of modes
includes a third mode, and 1n the third mode the determining
of the number of subiframes comprises:
when the transmission of the PUSCH 1s not adjusted by
the PDCCH with the UL DAI, the number of subirames
corresponding to the HARQ-ACK feedback informa-
tion sent 1n the PUSCH of each CC 1n the current uplink
subirame 1s a size of a bundling window of the CC;

when the transmission of the PUSCH 1s adjusted by the
PDCCH with the UL DAI, 11 all CCs configured for the
UE comprise one or more CCs referring to the HARQ-
ACK retference timing of the TDD uplink-downlink
configuration 5, B_“" is equal to M_ for all the CCs; and

when the transmission of the PUSCH 1s adjusted by the
PDCCH with the UL DAI, if none of multiple CCs 1n
carrier aggregation (CA) configured for the UE refer to
the HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, B ”" is equal to
min{ W, ", M_} for all the CCs,

where M | 1s a size of the HARQ-ACK bundling window

of a CC ¢, B_”" is a number of subframes correspond-
ing to the HARQ-ACK feedback information sent 1n
the PUSCH of the CC ¢ 1n the current uplink subirame,
and W, ,,”" is a value of the UL DAI obtained by the
UE from an UL grant of the PDCCH.

6. The method of claim 1, wherein the plurality of modes
includes a fourth mode, and in the fourth mode the deter-
mimng of the number of subirames comprises:
when the transmission of the PUSCH 1s not adjusted by
the PDCCH with the UL DAI, the number of subframes
corresponding to the HARQ-ACK feedback informa-
tion sent 1n the PUSCH of each CC in the current uplink
subiframe 1s a size of a bundling window of the CC;

when the transmission of the PUSCH 1s adjusted by the
PDCCH with the UL DAI 11 all CCs configured for the
UE comprise one or more CCs referring to the HARQ-
ACK retference timing of the TDD uplink-downlink
configuration 5, B 7 is equal to M. for a CC referring
to the HARQ-ACK reference timing of the TDD
uplink-downlink configuration 5, or B_”* is equal to
min{W, ,,“*, M _} for a CC referring to the HARQ-
ACK reterence timing of the TDD uplink-downlink
configuration 0, 1, 2, 3, 4, or 6; and

when the transmission of the PUSCH 1s adjusted by the

PDCCH with the UL DAI, if none of multiple CCs 1n
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carrier aggregation (CA) configured for the UE refer to
the HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, B " is equal to
min{ W, ~, M_} for all the CCs,

where M . 15 a size of the HARQ-ACK bundling window
of a CC ¢, B.”" is a number of subframes correspond-
ing to the HARQ-ACK {feedback information sent in
the PUSCH of the CC ¢ 1n the current uplink subirame,
and W, ,,““ is a value of the UL DAI obtained by the
UE from an UL grant of the PDCCH.

7. The method of claim 1, wherein the determining the

number of the HARQ-ACK feedback bits comprises:

when a transmission mode of a CC ¢ 1s single input
multiple output (SIMO), or when a transmission mode
of the CC ¢ 1s multiple mnput multiple output (MIMO)
and spatial bundling i1s performed for the transmitting,
the HARQ-ACK feedback information of the CC c,
OcACK:BCDL; and

when a transmission mode of the CC ¢ 1s MIMO and

spatial bundling 1s not performed for the transmitting
the HARQ-ACK feedback information of the CC c,

O 4“%=2%B P* and O_*“* is the number of the
HARQ-ACK {feedback bits of the CC c.

8. The method of claim 1, wherein TDD uplink-downlink
configurations of multiple CCs 1n carrier aggregation (CA)
configured for the UE are different.

9. The method of claim 1, wherein the UL DAI 1s obtained
from an UL grant of the PDCCH, a sum of a number of
PDSCH subirames received from a HARQ-ACK bundling
window and a number of PDCCHs indicating downlink
semi-persistent scheduling (SPS) releasing, and a size of the
HARQ-ACK bundling window.

10. The method of claim 1, wherein the HARQ-ACK
teedback mformation of each CC 1s sent via a PUSCH of
cach CC 1n the current uplink subirame.

11. An apparatus of a user equipment (UE) for transmit-
ting hybrid automatic repeat request acknowledgement
(HARQ-ACK) feedback information, the apparatus com-
prising:

a controller comprising at least one processor configured

to:
receive at least one parameter related to HARQ-ACK
feedback,
determine one mode among a predetermined plurality
of modes for determining a number of subirames for
HARQ-ACK feedback based on the at least one
parameter,
determine a number of subirames for HARQ-ACK
teedback using the at least one parameter based on
the one mode,

determine a number of HARQ-ACK feedback bits

based on the number of subframes, and

generate HARQ-ACK feedback information based on

the number of HARQ-ACK feedback bits; and
a transmitter configured to transmit the HARQ-ACK
feedback information,
wherein the plurality of modes icludes a first mode and

a second mode,
wherein, 1n the first mode, the number of subirames for

HARQ-ACK feedback 1s determined by whether a

transmission of a physical uplink shared channel

(PUSCH) 1s not adjusted by a physical downlink con-

trol channel (PDCCH) with an uplink downlink assign-

ment mdex (UL DAI) or the transmission of the

PUSCH 1s adjusted by the PDCCH with the UL DAL,

and, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DAI, the number of
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subirames for HARQ-ACK feedback 1s determined by
whether a component carrier (CC) 1n a current uplink
subirame refers to a HARQ-ACK reference timing of a
time division duplexing (ITDD) uplink-downlink con-
figuration 5 or configuration 0, 1, 2, 3, 4, or 6, and

wherein, 1n the second mode, the number of subiframes for

HARQ-ACK {feedback 1s determined by whether the
transmission of the PUSCH 1s not adjusted by the
PDCCH with the UL DAI or the transmission of the
PUSCH 1s adjusted by the PDCCH with the UL DAI,

and, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI, the number of
subirames for HARQ-ACK feedback 1s determined by
whether all CCs configured for the UE comprise one or
more CCs referring to the HARQ-ACK reference tim-
ing of the TDD uplink-downlink configuration 5 or
none of the CCs configured for the UE refer to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5.

12. The apparatus of claim 11,

wherein, 1n the first mode, When the transmission of the

PUSCH 1s not adjusted by the PDCCH with the UL
DAI, the number of subirames correspondmg to the
HAKQ-ACK teedback mformation sent 1n the PUSCH
of each CC 1n the current uplink subframe 1s a size of
a bundling window of the CC,

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DAI, 1f a CC refers to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, the number of subframes
corresponding to the HARQ-ACK {feedback informa-
tion sent 1n the PUSCH of each CC 1n the current uplink
subirame 1s calculated according to the equation:

b cﬂL:miﬂ{ ( WEAIUL+4$ celling((U- WL:-AIUL)/ 4)):Mc}:

where B_"" is the number of subframes corresponding

to the HARQ-ACK feedback information sent in the
PUSCH of a CC c¢ in the current uplink subirame,
¢ 1s a sequence number of the CC,

W, ., " is a value of the UL DAI obtained by the U
from an UL grant of the PDCCH,

ceiling ( ) 1s a rounded up function,

U 1s a maximum value of U _ of multiple CCs 1n carrier
aggregation (CA), which are the CCs configured for
the UE and refer to the HARQ-ACK reference
timing of the TDD uplink-downlink configuration 5,

U _1s a sum of a number of PDSCH subirames received
from a subirame n-k of the CC ¢ and a number of
PDCCHs indicating a downlink semi-persistent
scheduling (SPS) releasing,

n 1s a sequence number of the current uplink subirame,

k belongs to a set K which 1s a set of sequence numbers
of downlink subirames in the HARQ-ACK bundling
windows of the CC ¢ corresponding to the uplink

subirame n, and
M. 1s a size of the HARQ-ACK bundling window of

the CC ¢, and

(L]

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DALI, if the CC refers to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 0, 1, 2, 3, 4, or 6, then B " is
equal to min {W,,,~~, M_}.
13. The apparatus of claim 11,

wherein, 1n the first mode, when the transmission of the

PUSCH 1s adjusted by the PDCCH with the UL DAL,
the number of subirames corresponding to the HARQ-
ACK feedback information sent in the PUSCH of each
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CC 1n the current uplink subframe 1s a size of a
bundling window of the CC,

wherein, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI, 1f a CC refers to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, the number of subframes
corresponding to the HARQ-ACK feedback informa-
tion sent 1n the PUSCH of each CC 1n the current uplink
subirame 1s calculated according to the equation:

B PL=min{(Wp " +4*ceiling(U - Wp .~ 5)4),M_},

where B " is a number of subframes correspondmg to

the E_ARQ-ACK feedback information sent in the
PUSCH of a CC ¢ 1n the current uplink subirame,

¢ 1s a sequence number of the CC,
W, = is a value of the UL DAI obtained by the UE

from an UL grant of the PDCCH,

ceiling ( ) 1s a rounded up function,

U . 1s a sum of a number of PDSCH subirames receirved
from a subirame n-k of the CC ¢ and a number of
PDCCHs indicating a downlink semi-persistent
scheduling (SPS) releasing,

n 1s a sequence number of the current uplink subframe,

k belongs to a set K which 1s a set of sequence numbers

of downlink subiframes 1n the HARQ-ACK bundling

windows of the CC c¢ corresponding to the uplink
subframe n, and
M. 1s a size of the HARQ-ACK bundling window of
the CC ¢, and
wherein, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI, if the CC refers to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 0, 1, 2, 3, 4, or 6, then B “* is
equal to min{W, ,,““, M _}.
14. The apparatus of claim 11,
wherein, 1n the second mode, when the transmission of
the PUSCH 1s not adjusted by the PDCCH with the UL
DAI, the number of subirames corresponding to the
HARQ-ACK {feedback imnformation sent in the PUSCH
of each CC 1n the current uplink subframe 1s a size of
a bundling window of the CC,
wherein, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI, 11 all CCs configured
for the UE comprise one or more CCs referring to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, the number of subframes
corresponding to the HARQ-ACK feedback informa-
tion sent 1n the PUSCH of each of the CCs configured
for the UE 1n the current uplink subirame 1s calculated
according to the equation:

B Pr=min{(Wp ;" +4*ceiling((U-Wp, ;")) M.},

where B~ is a number of subframes correspondmg to

the E_ARQ-ACK feedback information sent in the
PUSCH of a CC ¢ 1n the current uplink subirame,

¢ 1s a sequence number of the CC,

W, ~ is a value of the UL DAI obtained by the UE
from an UL grant of the PDCCH,

ceiling ( ) 1s a rounded up function,

U 1s a maximum value of the U _ of all CCs configured
for the UE,

U . 1s a sum of a number of PDSCH subirames recerved
from a subframe n-k of the CC ¢ and a number of
PDCCHs indicating a downlink SPS releasing,

n 1s a sequence number of the current uplink subframe,
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k belongs to a set K which 1s a set of sequence numbers
of downlink subirames in the HARQ-ACK bundling
windows of the CC c¢ corresponding to the uplink

subirame n, and
M . 1s a size of the HARQ-ACK bundling window of

the CC ¢, and

wherein, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI, 1f none of the CCs

configured for the UE refer to the HARQ-ACK refer-

ence timing of the TDD uplink-downlink configuration
5, B 7" is equal to min{W,,,,““, M_} for all the CCs

configured for the UE.

15. The apparatus of claim 11,

wherein the plurality of modes includes a third mode, and
in the third mode, when the transmission of the PUSCH
1s not adjusted by the PDCCH with the UL DAI, the
number of subirames corresponding to the HARQ-
ACK feedback information sent in the PUSCH of each

CC 1n the current uplink subframe 1s a size of a
bundling window of the CC,

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DALI, 11 all CCs configured

for the UE comprise one or more CCs referring to the

HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, B_”* is equal to M_ for all
the CCs, and

wherein, When the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI 1f none of multiple
CCs 1n carrier aggregation (CA) conﬁgured for the UE
refer to the HARQ-ACK reference timing of the TDD
uplink-downlink configuration 5, B_~* is equal to
min{W, ,,“*, M_} for all the CCsj

where M 1s a size of the HARQ-ACK bundling window
of a CC ¢, B " is a number of subframes correspond-
ing to the HARQ-ACK {feedback information sent in
the PUSCH of the CC ¢ 1n the current uplink subirame,
and W, ,,°" is a value of the UL DAI obtained by the
UE from an UL grant of the PDCCH.

16. The apparatus of claim 11,

wherein the plurality of modes includes a fourth mode,
and 1n the fourth mode, when the transmission of the

PUSCH 1s not adjusted by the PDCCH with the UL

DAI, the number of subiframes corresponding to the

HARQ-ACK feedback imnformation sent 1n the PUSCH
of each CC 1n the current uplink subirame 1s a size of
a bundling window of the CC,

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DAI, 11 all CCs configured

for the UE comprise one or more CCs referring to the

HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, B_"* is equal to M_ for a CC
referring to the HARQ- ACK reference timing of the
TDD uplink-downlink configuration 5, or B_“* is equal
to min{ W, ", M_} for a CC referring to the HARQ-
ACK reference timing of the TDD uplink-downlink
configuration 0, 1, 2, 3, 4, or 6, and

wherein, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI 1f none of multiple
CCs 1n carrier aggregation (CA) configured for the UE
refer to the HARQ-ACK reference timing of the TDD
uplink-downlink configuration 5, B_”* is equal to
min{W, ,““, M_} for all the CCS,,

where M 1s a size of the HARQ-ACK bundling window
of a CC ¢, B " is a number of subframes correspond-
ing to the HARQ-ACK {feedback information sent in
the PUSCH of the CC ¢ 1n the current uplink subirame,
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and W, ,,7" is a value of the UL DAI obtained by the
UE from an UL grant of the PDCCH.

17. The apparatus of claim 11,

wherein, when a transmission mode of a CC c 1s single
input multiple output (SIMO), or when a transmission
mode of the CC ¢ 1s multiple mput multiple output
(MIMO) and spatial bundling 1s performed for the
transmitting the HARQ-ACK feedback information of
the CC ¢, O *“*=B ",

wherein, when a transmission mode of the CC ¢ 1s MIMO

and spatial bundling 1s not performed for the transmut-
ting the HARQ-ACK feedback information of the CC

c, O *“*=2*B * and
wherein O ““* is the number of the HARQ-ACK feed-
back bits of the CC c.
18. The apparatus of claim 11, wherein TDD uplink-
downlink configurations of multiple CCs 1n carrier aggre-
gation (CA) configured for the UE are different.
19. The apparatus of claim 11, wherein the UL DAI 1s
obtained from an UL grant of the PDCCH, a sum of a
number of PDSCH subirames received from a HARQ-ACK
bundling window and a number of PDCCHs indicating
downlink semi-persistent scheduling (SPS) releasing, and a
s1ze of the HARQ-ACK bundling window.
20. The apparatus of claim 11, wherein the HARQ-ACK
teedback information of each CC 1s sent via a PUSCH of
cach CC 1n the current uplink subirame.
21. A method for receiving hybrid automatic repeat
request acknowledgement (HARQ-ACK) feedback infor-
mation, the method comprising;:
determining, by a base station (BS), one mode among a
predetermined plurality of modes for determining a
number of subiframes for HARQ-ACK feedback;

transmitting, by the BS, at least one parameter related to
the one mode;

determining, by the BS, a number of subframes for

HARQ-ACK feedback using the at least one parameter
based on the one mode;
determining, by the BS, a number of HARQ-ACK feed-
back bits based on the number of subframes; and

receiving, by the BS, HARQ-ACK feedback information
having the number of HARQ-ACK feedback bits from
a user equipment (UE),

wherein the plurality of modes include a first mode and a

second mode,

wherein, 1n the first mode, the number of subirames for

HARQ-ACK feedback 1s determined by whether a
transmission of a physical uplink shared channel
(PUSCH) 1s not adjusted by a physical downlink con-
trol channel (PDCCH) with an uplink downlink assign-
ment mdex (UL DAI) or the transmission of the
PUSCH 1s adjusted by the PDCCH with the UL DAL,
and, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI, the number of
subirames for HARQ-ACK feedback 1s determined by
whether a component carrier (CC) 1n a current uplink
subirame refers to a HARQ-ACK reference timing of a
time division duplexing (TDD) uplink-downlink con-
figuration 5 or configuration 0, 1, 2, 3, 4, or 6, and
wherein, 1n the second mode, the number of subirames for
HARQ-ACK {feedback 1s determined by whether the
transmission of the PUSCH 1s not adjusted by the
PDCCH with the UL DAI or the transmission of the
PUSCH 1s adjusted by the PDCCH with the UL DAL,
and, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI, the number of
subirames for HARQ-ACK feedback 1s determined by
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whether all CCs configured for the UE comprise one or
more CCs referring to the HARQ-ACK reference tim-
ing of the TDD uplink-downlink configuration 5 or

none of the CCs configured for the UE refer to the
HARQ-ACK reference timing of the TDD uplink-

downlink configuration 5.

22. The method of claim 21,

wherein, 1n the first mode, when the transmission of the
PUSCH 1s not adjusted by the PDCCH with the UL
DAI, the number of subirames correspondmg to the
HARQ-ACK teedback mformation sent 1n the PUSCH
of each CC 1n the current uplink subirame 1s a size of
a bundling window of the CC,

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DAI, 1f a CC refers to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, the number of subframes

corresponding to the HARQ-ACK feedback informa-
tion sent 1n the PUSCH of each CC in the current uplink
subirame 1s calculated according to the equation:

b CBL:miﬂ{(WEAIUL+4$G‘3111H%((U_ WDAIUL)/ 4))?Mc}:

where B_"" is the number of subframes corresponding
to the HARQ-ACK feedback information sent in the

PUSCH of a CC ¢ 1n the current uplink subirame,

¢ 1s a sequence number of the CC,
W, is a value of the UL DAI obtained by the U

from an UL grant of the PDCCH,

ceiling ( ) 1s a rounded up function,
U 1s a maximum value of U _ of multiple CCs 1n carrier
aggregation (CA), which are the CCs configured for

the UE and refer to the HARQ-ACK reference
timing of the TDD uplink-downlink configuration 5,

U . 1s a sum of a number of PDSCH subirames received
from a subframe n-k of the CC ¢ and a number of
PDCCHs indicating a downlink semi-persistent
scheduling (SPS) releasing,

n 1s a sequence number of the current uplink subirame,

k belongs to a set K which 1s a set of sequence numbers
of downlink subframes 1n the HARQ-ACK bundling,
windows of the CC ¢ corresponding to the uplink

subirame n, and
M_ 1s a size of the HARQ-ACK bundling window of

the CC ¢, and

wherein, when transmission of the PUSCH 1s adjusted by
the PDCCH with the UL DAI, if the CC refers to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 0, 1, 2, 3, 4, or 6, then B_"" is
equal to min{W,,,~~, M_}.

23. The method of claim 21,

wherein, 1n the first mode, when the transmission of the
PUSCH 1s adjusted by the PDCCH with the UL DAL,
the number of subirames corresponding to the HARQ-
ACK {feedback information sent 1n the PUSCH of each
CC 1n the current uplink subframe 1s a size of a
bundling window of the CC,

wherein, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI, 11 a CC refers to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, the number of subframes
corresponding to the HARQ-ACK feedback informa-
tion sent in the PUSCH of each CC 1n the current uplink
subirame 1s calculated according to the equation:

(Ll

BCBL:miH{ ( WEAIUL+4$ Cﬂlllﬂg(( U.::*_ WEAIUL)/A]')) Mc} "
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where 1s a number of subirames correspondmg to
the HARQ-ACK feedback information sent in the

PUSCH of a CC c 1n the current uplink subirame,
¢ 1s a sequence number of the CC,

W, ~ is a value of the UL DAI obtained by the UE
from an UL grant of the PDCCH,

ceiling ( ) 1s a rounded up function,

U .1s a sum of a number of PDSCH subirames recerved
from a subirame n-k of the CC ¢ and a number of
PDCCHs indicating a downlink semi-persistent
scheduling (SPS) releasing,

n 1s a sequence number of the current uplink subframe,

k belongs to a set K which 1s a set of sequence numbers
of downlink subiframes 1n the HARQ-ACK bundling
windows of the CC ¢ corresponding to the uplink
subframe n, and

M_ 1s a size of the HARQ-ACK bundling window of
the CC ¢, and

wherein when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DALI, if the CC refers to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 0, 1, 2, 3, 4, or or 6, then B_*
is equal to min{W . ,,““, M_}.

24. The method of claim 21,

wherein, 1n the second mode, when the transmission of
the PUSCH 1s not adjusted by the PDCCH with the UL
DAI, the number of subiframes corresponding to the
HARQ-ACK feedback information sent in the PUSCH
of each CC 1n the current uplink subirame 1s a size of
a bundling window of the CC,

wherein, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI, 11 all CCs configured
for the UE comprise one or more CCs referring to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, the number of subframes
corresponding to the HARQ-ACK feedback informa-
tion sent in the PUSCH of each of the CCs configured
for the UE 1n the current uplink subirame 1s calculated
according to the equation:

BDL

B PL=min{(Wp " +4*ceiling((U-Wp_ " 5)4),M_},

where B " is a number of subframes corresponding to

the HARQ-ACK feedback information sent in the
PUSCH of a CC ¢ 1n the current uplink subirame,
¢ 1s a sequence number of the CC,

W, = is a value of the UL DAI obtained by the UE
from an UL grant of the PDCCH,

ceiling ( ) 1s a rounded up function,

U 1s a maximum value of the U _ of all CCs configured
for the UE,

U . 1s a sum of a number of PDSCH subirames recerved
from a subirame n-k of the CC ¢ and a number of
PDCCHs indicating a downlink semi-persistent
scheduling (SPS) releasing,

n 1s a sequence number of the current uplink subirame,

k belongs to a set K which 1s a set of sequence numbers
of downlink subiframes 1n the HARQ-ACK bundling
windows of the CC ¢ corresponding to the uplink
subframe n, and

M_ 1s a size of the HARQ-ACK bundling window of
the CC ¢, and

wherein, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI, 1f none of the CCs

configured for the UE refer to the HARQ-ACK refer-
ence timing of the TDD uplink-downlink configuration
5, B_”* is equal to min{W,,_,“*, M_} for all the CCs

configured for the UE.
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25. The method of claim 21,
wherein the plurality of modes includes a third mode, and

in the third mode, when the transmission of the PUSCH
1s not adjusted by the PDCCH with the UL DAI, the
number of subframes corresponding to the HARQ-
ACK feedback information sent in the PUSCH of each

CC 1n the current uplink subirame 1s a size of a
bundling window of the CC,

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DAI, 11 all CCs configured
for the UE comprise one or more CCs referring to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, B " is equal to M_. for all
the CCs,

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DAI 1f none of multiple
CCs 1n carrier aggregation (CA) configured for the UE
refer to the HARQ-ACK reference timing of the TDD

uplink-downlink configuration 5, B ~* is equal to
min{W, ,,““, M_} for all the CCs, and

wherein M _1s a size of the HARQ-ACK bundling window

of a CC ¢, B " is a number of subframes correspond-
ing to the HARQ-ACK {feedback information sent in
the PUSCH of the CC ¢ 1n the current uplink subirame,
and W, ,,~* is a value of the UL DALI obtained by the
UE from an UL grant of the PDCCH.

26. The method of claim 21,
wherein the plurality of modes includes a fourth mode,

and 1n the fourth mode, when the transmission of the
PUSCH 1s not adjusted by the PDCCH with the UL
DAI, the number of subirames corresponding to the
HARQ-ACK {feedback imnformation sent 1n the PUSCH
of each CC 1n the current uplink subirame 1s a size of
a bundling window of the CC,

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DAI, 11 all CCs configured
for the UE comprise one or more CCs referring to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, B_* is equal to M_for a CC
referring to the HARQ- ACK reference timing of the
TDD uplink-downlink configuration 5, or B_“* is equal
to min{W,,_,"", M_} for a CC referring to the HARQ-
ACK reference timing of the TDD uplink-downlink
configuration 0, 1, 2, 3, 4, or 6,

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DAI 11 none of multiple
CCs 1n carrier aggregation (CA) configured for the UE
refers to the HARQ-ACK reference timing of the TDD

uplink-downlink configuration 5, B " is equal to
min{W,,,~~, M_} for all the CCs, and

wherein M _1s a size of the HARQ-ACK bundling window

of a CC ¢, B_”" is a number of subframes correspond-
ing to the HARQ-ACK feedback information sent 1n

the PUSCH of the CC ¢ 1 the current uplink subirame,
and W, %" is a value of the UL DAI obtained by the
UE from an UL grant of the PDCCH.

27. The method of claim 21,
wherein, when a transmission mode of a CC ¢ 1s single

input multiple output (SIMO), or when a transmission
mode of the CC ¢ 1s multiple mput multiple output
(MIMO) and spatial bundling 1s performed for the
transmitting the HARQ-ACK {feedback information of
the CC ¢, O ““*=B_**, and

wherein, when a transmission mode of the CC ¢ 1s MIMO

and spatial bundling 1s not performed for the transmut-
ting the HARQ-ACK feedback information of the CC
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c, O **=2*%B P* and O_“*“* is the number of the
HARQ-ACK {feedback bits of the CC c.

28. The method of claim 21, wherein TDD uplink-

downlink configurations of multiple CCs 1n carrier aggre-
gation (CA) configured for the UE are different.

29. The method of claim 21, wherein the UL DAI 1s
obtained from an UL grant of the PDCCH, a sum of a
number of PDSCH subirames received from a HARQ-ACK

bundling window and a number of PDCCHs indicating

downlink semi-persistent scheduling (SPS) releasing, and a
s1ze of the HARQ-ACK bundling window.

30. The method of claam 21, wherein the HARQ-ACK
teedback information of each CC 1s sent via a PUSCH of
cach CC 1n the current uplink subirame.

31. An apparatus of a base station (BS) for receiving
hybrid automatic repeat request acknowledgement (HARQ-
ACK) feedback information, the apparatus comprising:

a controller comprising at least one processor configured

to:
determine one mode among a predetermined plurality

of modes for determining a number of subirames for
HARQ-ACK feedback,
transmit at least one parameter related to the one mode,
determine a number of subirames for HARQ-ACK
feedback using the at least one parameter based on
the one mode, and
determine a number of HARQ-ACK feedback bits
based on the number of subiframes; and
an uplink recerver configured to receive HARQ-ACK
feedback information having the number of HARQ-
ACK feedback bits from a user equipment (UE),
wherein the plurality of modes includes a first mode and
a second mode,
wherein, 1n the first mode, the number of subirames for
HARQ-ACK feedback 1s determined by whether a
transmission of a physical uplink shared channel
(PUSCH) 1s not adjusted by a physical downlink con-
trol channel (PDCCH) with an uplink downlink assign-
ment index (UL DAI) or the transmission of the
PUSCH 1s adjusted by the PDCCH with the UL DAL,
and, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI, the number of
subirames for HARQ-ACK feedback 1s determined by
whether a component carrier (CC) 1n a current uplink
subirame refers to a HARQ-ACK reference timing of a
time division duplexing (TDD) uplink-downlink con-
figuration 5 or configuration 0, 1, 2, 3, 4, or 6, and
wherein, 1n the second mode, the number of subirames for
HARQ-ACK {feedback 1s determined by whether the
transmission of the PUSCH 1s not adjusted by the
PDCCH with the UL DAI or the transmission of the
PUSCH 1s adjusted by the PDCCH with the UL DAL,
and, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI, the number of
subirames for HARQ-ACK feedback 1s determined by
whether all CCs configured for the UE comprise one or
more CCs referring to the HARQ-ACK reference tim-
ing of the TDD uplink-downlink configuration 5 or
none of the CCs configured for the UE refer to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5.
32. The apparatus of claim 31,
wherein, 1n the first mode, When the transmission of the
PUSCH 1s not adjusted by the PDCCH with the UL
DAI, the number of subirames correspondmg to the
HAKQ-ACK teedback mformation sent 1n the PUSCH
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of each CC 1n the current uplink subirame 1s a size of
a bundling window of the CC,

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DALI, if the CC refers to the
HARQ-ACK reference timing of the TDD uplink-

downlink configuration 5, the number of subirames

corresponding to the HARQ-ACK feedback informa-
tion sent 1n the PUSCH of each CC 1n the current uplink
subirame 1s calculated according to the equation:

BCEL:miH{ ( WEAIUL+4$ Cﬂlllﬂg(( U- WEAIUL)/q')):MC} "

where B_“" is the number of subframes corresponding
to the HARQ-ACK feedback information sent in the
PUSCH of a CC ¢ 1n the current uplink subirame,

¢ 1s a sequence number of the CC,

W, ., " is a value of the UL DAI obtained by the U
from an UL grant of the PDCCH,

ceiling ( ) 1s a rounded up function,

U 1s a maximum value of U_ of multiple CCs 1n carrier
aggregation (CA), which are the CCs configured for
the UE and refer to the HARQ-ACK reference
timing of the TDD uplink-downlink configuration 5,

U _1s a sum of a number of PDSCH subframes received
from a subframe n-k of the CC ¢ and a number of
PDCCHs indicating a downlink semi-persistent
scheduling (SPS) releasing,

n 1s a sequence number of the current uplink subirame,

k belongs to a set K which 1s a set of sequence numbers
of downlink subframes 1n the HARQ-ACK bundling
windows of the CC ¢ corresponding to the uplink

subirame n, and
M_ 1s a si1ze of the HARQ-ACK bundling window of
the CC ¢, and

(L]

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DALI, if the CC refers to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 0, 1, 2, 3, 4, or 6, then BDL 1s

equal to min {W,,~~, M_}.

33. The apparatus of claim 31,
wherein, 1n the first mode, when the transmission of the

PUSCH 1s adjusted by the PDCCH with the UL DAL,
the number of subirames corresponding to the HARQ-
ACK {feedback information sent 1n the PUSCH of each
CC 1n the current uplink subframe 1s a size of a

bundling window of the CC,

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DALI, if the CC refers to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, the number of subframes

corresponding to the HARQ-ACK {feedback informa-
tion sent in the PUSCH of each CC 1n the current uplink
subirame 1s calculated according to the equation:

BCBL:miH{ ( WEAIUL+4$ Cﬂlllﬂg(( U.::*_ WEAIE)/q')) Mc} "

where B is a number of subframes corresponding to
the HARQ-ACK feedback information sent in the
PUSCH of a CC ¢ 1n the current uplink subirame,

¢ 1s a sequence number of the CC,

W, = is a value of the UL DAI obtained by the U
from an UL grant of the PDCCH,

ceiling ( ) 1s a rounded up function,

U _1s a sum of a number of PDSCH subframes received
from a subframe n-k of the CC ¢ and a number of
PDCCHs indicating a downlink semi-persistent
scheduling (SPS) releasing,

n 1s a sequence number of the current uplink subirame,

L1l
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k belongs to a set K which 1s a set of sequence numbers
of downlink subirames in the HARQ-ACK bundling
windows of the CC c¢ corresponding to the uplink

subframe n, and
M. . 1s a size of the HARQ-ACK bundling window of

the CC ¢, and

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DALI, if the CC refers to the
HARQ-ACK reference timing of the TDD uplink-
downlink configuration 0, 1, 2, 3, 4, or 6, then B is
equal to min{W, ,,““, M _}.

34. The apparatus of claim 31,
wherein, 1n the second mode, when the transmission of

the PUSCH 1s not adjusted by the PDCCH with the UL
DAI, the number of subirames corresponding to the
HARQ-ACK feedback information sent in the PUSCH
of each CC 1n the current uplink subirame 1s a size of

a bundling window of the CC, wherein, when the
transmission of the PUSCH 1s adjusted by the PDCCH

with the UL DAI, 11 all CCs configured for the UE
comprise one or more CCs referring to the HARQ-
ACK reference timing of the TDD uplink-downlink
configuration 3, the number of subirames correspond-

ing to the HARQ-ACK {feedback information sent in
the PUSCH of each of the CCs configured for the UE
in the current uplink subframe 1s calculated according
to the equation:

B Pr=min{(Wp ;" +4*ceiling((U-Wp, " V4))NM_},

where B 7 is a number of subframes corresponding to
the HARQ-ACK {feedback information sent in the
PUSCH of a CC c 1n the current uplink subirame,

¢ 1s a sequence number of the CC,

W, " is a value of the UL DAI obtained by the UE
from an UL grant of the PDCCH,

ceiling ( ) 1s a rounded up function,

U 1s a maximum value of the U_ of all CCs configured
for the UE,

U _1s a sum of a number of PDSCH subframes received
from a subirame n-k of the CC ¢ and a number of
PDCCHs indicating a downlink semi-persistent
scheduling (SPS) releasing,

n 1s a sequence number of the current uplink subirame,

k belongs to a set K which 1s a set of sequence numbers
of downlink subirames in the HARQ-ACK bundling
windows of the CC c¢ corresponding to the uplink

subframe n, and
M . 1s a size of the HARQ-ACK bundling window of

the CC ¢, and

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DAI, 1f none of the CCs
configured for the UE refer to the HARQ-ACK refer-
ence timing of the TDD uplink-downlink configuration
5, B.”" is equal to min{W,,_,"", M_} for all the CCs
configured for the UE.

35. The apparatus of claim 31,
wherein the plurality of modes includes a third mode, and

in the third mode, when the transmission of the PUSCH
1s not adjusted by the PDCCH with the UL DAI, the
number of subirames corresponding to the HARQ-
ACK feedback information sent in the PUSCH of each
CC 1mn the current uplink subirame 1s a size of a

bundling window of the CC,

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DALI, 11 all CCs configured
for the UE comprise one or more CCs referring to the
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HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, B " is equal to M__ for all

the CCs,

wherein, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI 1f none of multiple
CCs 1n carrier aggregation (CA) configured for the UE
refer to the HARQ-ACK reference timing of the TDD
uplink-downlink configuration 5, B_** is equal to
min{ W~ ", M_} for all the CCs, and

wherein M _1s a size of the HARQ-ACK bundling window
of a CC ¢, B_”" is a number of subframes correspond-
ing to the HARQ-ACK {feedback information sent in
the PUSCH of the CC ¢ 1n the current uplink subirame,
and W, ;" is a value of the UL DAI obtained by the
UE from an UL grant of the PDCCH.

36. The apparatus of claim 31,

wherein the plurality of modes includes a fourth mode,
and 1n the fourth mode, when the transmission of the

PUSCH 1s not adjusted by the PDCCH with the UL

DAI, the number of subirames correspondmg to the

HARQ-ACK teedback information sent 1n the PUSCH
of each CC 1n the current uplink subirame 1s a size of
a bundling window of the CC,

wherein, when the transmission of the PUSCH 1s adjusted

by the PDCCH with the UL DAI, 11 all CCs configured

for the UE comprise one or more CCs referring to the

HARQ-ACK reference timing of the TDD uplink-
downlink configuration 5, B " is equal to M_ for a CC
referring to the HARQ- ACK reference timing of the
TDD uplink-downlink configuration 5, or B_“* is equal
to min{ W, ,,“*, M_} for a CC referring to the HARQ-
ACK reference timing of the TDD uplink-downlink
configuration 0, 1, 2, 3, 4, or 6,

wherein, when the transmission of the PUSCH 1s adjusted
by the PDCCH with the UL DAI 1f none of multiple

10

15

20

25

30

32

CCs 1n carrier aggregation (CA) configured for the UE
refer to the HARQ-ACK reference timing of the TDD
uplink-downlink configuration 5, B_~" is equal to
min{W, ,,“*, M_} for all the CCs, and

wherein M _ 1s a s1ze of the HARQ-ACK bundling window

of a CC ¢, B_”* is a number of subframes correspond-
ing to the HARQ-ACK feedback information sent 1n
the PUSCH of the CC ¢ 1n the current uplink subirame,
and W, ;%" is a value of the UL DALI obtained by the
UE from an UL grant of the PDCCH.

37. The apparatus of claim 31,

wherein, when a transmission mode of a CC ¢ 1s single
input multiple output (SIMO), or when a transmission
mode of the CC ¢ 1s multiple mput multiple output
(MIMO) and spatial bundling 1s performed for the
transmitting the HARQ-ACK feedback information of
the CC ¢, O ““*=B_**, and

wherein, when a transmission mode of the CC ¢ 1s MIMO

and spatial bundling 1s not performed for the transmut-
ting the HARQ-ACK feedback information of the CC

c, O *=2*%B P* and O_“*“* is the number of the
HARQ-ACK feedback blts of the CC c.

38. The apparatus of claam 31, wheremn TDD uplink-
downlink configurations of multiple CCs 1n carrier aggre-
gation (CA) configured for the UE are different.

39. The apparatus of claim 31, wherein the UL DAI 1s
obtained from an UL grant of the PDCCH, a sum of a
number of PDSCH subirames received from a HARQ-ACK
bundling window and a number of PDCCHs 1ndicating
downlink semi-persistent scheduling (SPS) releasing, and a
size of the HARQ-ACK bundling window.

40. The apparatus of claim 31, wherein the HARQ-ACK

feedback information of each CC 1s sent via a PUSCH of
cach CC 1n the current uplink subirame.
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